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Environmental tobacco smoke (ETS) is often cited u a Key factor in indbor air quality (IAQ) and 
public health. However, there are few studies which attempt to actually calculate the impact ETS 
haron IAQ or the doses of ETS one may receive from possible exposure ib a variety of different 
settings. This paper reviews the data on indoor air published since 1980 and estimates the portion 
of various constituents w,hich are produced by ETS. It can be observed that, in most instance*,, 
ETS has only a minor impact on IAQ. Retained dbses of ETS particles are calculated for various 
exposure scenarios using respirable particle concentrations associated with ETS, time activity 
patterns, respiration rates and retention rates. Total doses range from'3-40 mg/y, This dose level 
dbeii not seem to support the summary relative risk of: 1.35: that has been claimed from meta- 
analyses ofi epidemiologic studies of spousal smoke exposure and lung cancer. 


INTRODUCTION 

Interest in indoor air quality (IAQ) is: steadily 
increasing. The factors which affect IAQ and the 
health effects reportedly associated with it are the 
subject of intense debate. One of the IAQ issues 
which generates the most interest and emotion is 
environmental tobacco smoke (ETS) exposure and 
its reported health effects, ETS exposure has been 
claimed to be associated with health effects as diverse 
as childhood respiratory disease, lung cancer,, and 
cardiovascular disease (Repace and Lowrey 1985; 
U S : Surgeon General 1986; National Research Coun¬ 
cil 1986; Wells 1988; Gilanu and Parmley 1991; USEPA 
1990). 

ETS is a complex mixture of many substances, the 
concentrations ofi which will vary with time, room 
ventilation, and proximity to the source. Since not all 


of iits componems are removed firom the environment 
at the same rate, the concentrations of ETS com¬ 
ponents also vary in relation to each other over time. 
Because of this, ills difficult to accurately determine 
exposure to ETS and, further, whether the health 
claims are realistic in terms of this exposure. 

Sterling et al. (1982) performed a comprehen¬ 
sive review of: components of ETS measured in 1 
different environments and under different smoking 
conditions. Since that review was completed, there 
have been many changes in both indoor environments 
and* analytical methodology. Because of this, a new, 
review of the literature pertaining to indoor air quality 
and environmental tobacco smoke is appropriate. 

This study assesses the literature on indoor aiir 
quality, and ETS published since 1980. Using the data 
collected; it alfeo attempts to determine what levels 
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of substances measured indoors may result from the 
presence of ETS and calculates some of the doses 

He; exo^'-d: ? rr-' *- 

INDOOR AIR AN ID ETS; REVIEW. 


The literature search was restricted to work which 
took place in the U.S. and Canada and was publish¬ 
ed after 1980. There is important IAQ data being 
generated in European and other countries. How¬ 
ever, potential differences in building age, ventila¬ 
tion types, room sizes and other factors may prevent 
data from other countries from being comparable to 
the U.S./Canadian data. This study limited the litera¬ 
ture to the countries where the data were believed to 
be more homogeneous and essentially reviewed the 
literature published since the Sterling et al. (1982) 
review. 

The following indoor air components were chosen 
for evaluation: respirable particulates (RSP); carbon 
mono xide; n icotine; ni tro gen dioxide; form aide h y de; 
benzene; polycyclic aromatic hydrocarbons (PAH); 
and nitrosamines. 

When it was obvious that structures and sampling 
protocol for data' acquired in' countries outside 
North America'were similar, it was included 1 with the 
USA/Canada data. In instances where relatively 
little information was;available or the data from 
all countries were similar, information from other 
countries also was used!. 

The information was recorded in the following 
categories: 

1. Homes—includes single family dwellings and 
apartments, 

2. Offices, workplaces, and public facilities—in¬ 
cludes offices, work sites, schools, universities, 
hospitals, retail stores, museums; libraries, clinics, 

rocery snores, laundromats, and public transporta¬ 
tion stations. 

3. Restaurants 

4. Bars/taverns—includes betting shops, billiard 
parlors, bars, and taverns. 

5l Public transportation—trains, buses, subway, 
and autos. 

The dhta were selected from the literature using 
the following criteria: 

If no mean was given, generally, the data were 
not reported in this document unless there were in¬ 
dividual values given to make it possible to calculate 
a mean. If there were 10 or more samples and a 
median was given, the data were reported. Both 
arithmetic and'geometric means are reported. Ilf an 


arithmetic mean was given, it was; used in: any suo- 
seouent calculations: 

point in time not as rcpriesfentiair. 
several s am pies at: differ, erv ^ ; v. 

!o:nger duration. 

For respirable particulates, if the data were reported! 
as total particulate matter (TPM), the data were not 
used. If the sample was PM 5,0 or less, the data were 
reported. 

The data' were recorded with a preference for 
gravimetric data on RSPs. When gravimetric, light 
scattering, and piezobalance dhta were all present, 
the gravimetric data were usedl If data from only one 
of these three methods were present, these data were 
used. 

This paper focuses upon the scientific litera¬ 
ture pertaining to the quantification of indoor air 
quality. Hence, the papers reviewed are those that 
have measured levels of substances in indoor air. 
Odor may play a part ini the acceptability of indoor 
air to occupants or visitors to any particular en¬ 
vironment, but the evaluation of odor in offices is as 
yet somewhat subjective and poorly quantified. ETS 
clearly may inflluence odor perception in some 
situations, and the existing scientific literature: on 
this matter has been reviewed. Because of both the 
scarcity of data on this issue and the subjectivity of 
the data that do exist, odor has not been considered 
as a quantified element iin: the data tabulated in this 
report;. 

Results 

The results of the: literature review on indoor air. 
components are in Tables 1-8. Each: table is a sum¬ 
mary of one of the components: reviewed. Units of 
measurement iin the tables are reported the same as 
authors presented them in their studies; Conversion 
factors for ppm (parts per million) and ppb (parts per 
bi 111 ion) to ^tg/nr are given where appropriate. Tables 
9, 10, and 11 summarize the ddta for RSPs, CO, and 
nicotine. Nitrogen dioxide, formaldehyde, benzene |; 
PA Hi and niitrosamine data are summarized! in the 
discussions. 

DOSIMETRIC CALCULATIONS 
Methods 

The particle fraction of ETS is the portion on 
which the majority of the health claims concentrate. 
An estimate of the dose of ETS particles that persons 
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Table 1. Respirable panicles (RSPs) measured under realistic conditions. 


Author l Pate _ Country Building type Occupancy Ventilation _ Sarcpt ing 


Concentrations 


Carson l Erikson Canada Offices 
(1988) (31) 


£ 2 people Hot Given 

w/ain. 1 

smoker 


Conner, et al. USA 

(1966) 


Homs (10) Not Given Not Given 

Restaurants (10) 


Comer, et al . USA 

(1989) 


Offices (10) Not Given Not Given 
Planes (5) 


Coultas, et al. USA Uorkplace(15) Not Given Not Given 

(1990a) 


Coultas,st al. USA 

(1990b) 


Cousins & Collett Canada 
(1989) 


Crouse l Carson USA 

(1989) 


Homes (10) Not Given Not Given 


Schools (3) Not Given Not Given 
Portables (6) 


0ffices(32) Not Given Not Given 

L Restaurants 
(36) 


Crouse, et al . USA Restaurants Not Given Not Given 

Cl988) (37) 


PASS Unit PH3.5 
9 hr samples (8*5) 


m*,LM a/» 3 ) 

A. Mean 44 - 

G. Mean 24 

Range 6 - 426 


Gravimetric 4 UVPH 


r;p im/. 3 ! 

UVPH Oiq/m 3 ) 

Personal Puep, 120* 

Homes, Range 

17 • 86 

1 - 8 

180 min. samples. 

Home*, A. Kean 

56 

4.2 


Rest., Range 

18 • 306 

15 - 223 


Rest., A. Hean 

169 

106 


Gravimetric PM3.5 

PASS Unit, 1-5 hr samples 


Offices, Kings 147 ‘ WM 

Offices, A. Kean 448 

Planes, Range 33 • 119 

(Smoking Section) 

Planes, A. Kean 72.6 

(Smoking Section) 

Planes, Range 3 * 98 

(Non Seioklng Sect.) 

Planes, A. Kean 22 

(Non Smoking Sect.) 


UVPH (iig/m 3 ) 

-nd - 147 

65 

20 : 106 
66.6 
12 - 30 
16.6 


Gravimetric 
Personal Monitors 
6.5 hours, PM2.5 


Hales Samples 

Hospital 2 

Offices 2 

Barber Shop 2 

Restaurant 1 

Retail Store 1 


RSP (jig/m 3 ) 

66.15 

56.7 

80.25 

145.8 

85.2 


ISS* Ul 

Hospital 3 
Office* 3 
Public Tran*. 1 


Avfl. RSP Qta/m J > 

35.33 

70.37 

4:o 


Gravimetric PM2.5 
10 saaples/home 


light Scattering 
PH5.0 


Gravimetric PH3.5 


Gravimetric PM3.5 
1 Hour Sample 


RSP Kean* - 32.4 - 76.9 pg/m 3 


Old School 
Indoor 16 

( 11 - 22 ) 

Outdoor 23 

fi£9i_ge*fl 

Offices RSP 61 

UVPH 47 

Restaurants RSP 111 
UVPH 31 


ksp da/- 3 ) 

Ren. School New School 
13 14 

(10-20) (10-17) 

15 18 

Range 
11 - 279 
11 - 84 
16 - 366 
10 - 194 


Port. Class. 

17 

( 15 - 20 ) 

18 


RSP 62 * 2.2 

UVPH 26.1 ♦ 1.9 


Acith. Hean Rai>ge 

80.8- 16 • 221 

34.1 15 ■ 166 
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Table I. Continued. 


Deisey, et el. 

USA 

Homes (7) 

Not Given 0.13 -0.89 ACH 

Gravimetric w/ 

House # 

Igtoor 

Outdoor (♦ » Uoodburnim) 

(1989) 




Cyclone, 48 hr 

102 ♦ 

3t7T" 

24 





samples 

* 

30.4 

13.8 






106 ♦ 

33.3 

30.9 






- 

57.7 

7.2 






108 ♦ 

36.6 

38.4 






. 

27.6 

27 






203 ♦ 

19.7 

32.4 






- 

20.3 

4.5 






204 ♦ 

35.4 

10.5 






* 

27.3 

9.6 






208 ♦ 

47.6 

19.9 






- 

29.9 

. 






300 ♦ 

60.1 

• 






- 

35.6 

- 






Mean - Uoodeaoke 32.7 

Eudy, et at. 

USA 

Restaurant 

Not Given Not Given 

Gravimetric P*l3.5 


IlSP. ^ -M haflifgBU.nre 

(1987) 




4 hr samples, 

12 saaples/48 hr rut 

Range 

0-105 no/m* 







A. Mean 

29.3 N0/m* 



First, USA Public Places Various Not Given 

(1983) 


Ceorghiou, et el. 

Canada 

Ice Arena 

Varied 

Not Given 

(1989) 





Grlmsrud, et el. 

USA 

Office 

Not Given 

Not Given 

(1990) 


Building* (40) 



Hedge, et el. 

USA 

Office 

Not Given 

Not Given 

(1990) 


Buildings (2) 




Piezobalance 


PM 10 Indoor Saspling 
lapse tor, 2.5 hr sanplts 
10 gaaes 


SI t% Avq 
Cheater 1 300 
Chaster2 290 
School cafatetial 20 
School cefeterfa2 40 
T eve ml 400 
Tova m2 660 
TavernJ 570 
•ua Tanatnat 110 
tua Ttrainal (outs!da) 70 
Fast Food Restaurant 150 
Sa. Sitdown Raat.1 250 
Sa. Sitdown Root.2 260 


■Sw.-Ua/- 3 } 

• Telg. smoked 

• 1 clg. tanked 

- no sinkers 

• 2-3 Bankers 
■ 1-5 tankers 

• 2-3 sankera 

- aostly 1 Banker 

- 50-100 people, 1-5 Bankers 

• 1-3 Bankers during stapling 

• 15 diners, 4 Bankers 

• 23 diners, 1 Banker 


Knaa-Ua/A fu. flitOL iisusb. 

Sacking Allowed 17 - 680 440.75 (n*4) 

Sacking ResKrtctad 187 - 426 302.57 (n-7) 


Gravlaetric PH3.0 
3-20 saspling sites/ 
bui tding 


Piezobalanca, 
Gravlaetric PM2.5, 
UVPM 


Arithmetic Keen 
Geoaetric Mean 
Range 


C9n9tmrtilfln (8a/**) 
30.0 
24.0 
5 - 86 


Area 

Building (NS) 

Office (Rastrictad $) 
Smoking Area w/fliter 
Building (NS) 

Office (Restricted S) 
Saokfng Area w/fliter 
Building (NS) 

Office (Restricted S) 
Sacking Area w/filter 


Method 

Pete 

AH 

ms/-*) 

PM 

Plezobetanc* 

20 

10 

Piezobalanca 

40 

40 

Piezobalanca 

110 

140 

Gravlaetric 

N/A 

N/A 

Gravlaetric 

200 

300 

Grevisatrfc 

350 

400 

UVPM 

0 

0 

UVPM 

9.0 

7.0 

UVPM 

120 

185 
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Table 1. Continued. 


Hollowell and USA Office (1) 

Miksch 1981 


Wot Given Mot Given 12 Hours 


••Particles** 


31 /og/m 


Avg. 


Hosein, et al. 

Canada 

Homes 

Not Given 

Mot Given 

Gravimetric (RSP) 

(1985) 





24 hr. samples 


IT Corp. USA Restaurants (38) Varied Mot Given Gravimetric PM3.5 

(1987) Offices (38) PASS Unit 1 Hour Samples 


PSP (jig/m 3 . Geometric 

AC 

Smoke (n»11) 80.3 
No Smoke (n*4j 34.3 
Carpet 

Smoke (n*28) 76.6 

No Smoke (n»9) 38.7 


Mean) 

No AC 

(n*25) 70.1 
(n*ii) 32.5 
No Carpet 
(n*8> 70.2 

(n*7) 53.7 


1 


Hot Water 
Smoke 84.6 

No Satoke 66.7 


Forced Air 
57.1 
37.7 


RSP (jig/m 3 ) UVP* (tig/m 3 ) 


Offices Range nd-375 nd-108 
Offices A. Mean 114 28.3 
Restaurants Range nd-417 nd-127 
Restaurants A. Mean 120 33.2 


teadcrcr, et al. 
(1990) 

USA 

Homes (394) 

Mot Given 

Not Given 

Gravimetric PM2.5 

Lofroth, et al. 
(1989) 

USA 

Tavern (1) 

5 - 25 

180 m 0 
Seeking 
Allowed 

Not Given 

Gravimetric ISP t 
Pieiobelance 

McCarthy, et at. 
(1987) 

USA 

Homes 

(68$, 13MS) 

Not Given 

Not Given 

Gravimetric (RSP) 
Personal & 

Area Samples (24 hr) 

Mlesner, et al. 
(1988) 

USA 

Public Places, 
Offices (19) 

Varied 

Varied 

Gravimetric PM2.5 

3-16 Hours 


Source 

n 

Suffolk 

n 

Onondaga (ug/m 3 ) 

Irene 

39 

17.3— 

45 -t*rr 

— 

u 

IS 

18.1 

16 

19.1 

W * Woodstovc 

K 

7 

22 

4 

21.2 

K » kerosene 

$ 

61 

49.3 

80 

36.S 

S * Smokers 

KU 



4 

19.7 


$U 

29 

38 

31 

33.9 


SK 

23 

61.4 

4 

35.3 


SKU 

6 

30.3 

4 

28,5 


Outdoor 

19 

16.9 

36 

15.8 



tl£Il jl hr) 

Second Study (4 hr) 



Indoor 

Outdoor 

Indoor CXjtdoor 

TSP 


470 


nd 

390 nd 

Piezobalance 

420 

< 

; 50 

320 40 



Hean 


Median 

Ronqe (All: 

Personal 

(NS) 29.4 


27.2 

21.6-39.8 

Personal 

<S) 

56.2 


52.6 

18.0-116.3 

Home (NS) 

30.9 


25.6 

16.6-77.1 

Hosm (S) 


54.6 


55.6 



Personal Saaples on Children (8-11 yr old) 


Heap RSP (jifl/m 3 ) 

NS Areas Cn-33) -14 

Smoking Areas <N»7) 34.5 

Trans. Facility (r>*4) 64 
(Subways or Bus) 


TZZiZZBZOZ 
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Table I. Continued. 


Miesner, et al. 
(1989) 


USA Public 8Idgs 
( 21 ) 


Mot Given Not Given 


Gravimetric PH2.5 


MULar 

(1988) 


Canada Offict Not Given Not Given 

Building* (2) 


Piezobalanc* 

Pre and lyr Post 
smoking ban 


W*" »nd Maiolo USA Homes (2) Not Given Not Given Gravimetric PM3.5 

< 19W > Auto (1) Personal Puape 

Oep't Store (1) 2*8 hr sables 

Billiard Parlor (1) 


Otdaker, et 

al. 

USA l Canada 

Restaurant! 4 

Min. 2/off. 

Not Given 

Gravfswtrfc PM3.5 

(1990) 



Offices, 

w / 1 smoker 


PASS Unit, Sampled 




4 cities 



during liaich 4 dinner 
houra. 

Otdaker, et 

al. 

USA 

offices 4 

Not Given 

Not Given 

Gravimetric PM3.5 

(1988) 



Restaurants 






Range (j<g/m 3 ) 

A. Mean (uq/m^) 

4 

Library (NS) 5.8 • 12.8 

^9vos 

4 

High School (NS) 12.5 * 109.4 

41.9 

2 

Musetm 1 (NS) 6.5 * 11.0 

8.25 

2 

Muscua 2 (MS) nd • 12.9 

6.45 

4 

Hospital (N$) 14.5 * 23.3 

17.35 

2 

Hospital (S) 20.1 * 52.5 

36.3 

4 

Clinic (NS) nd - 17.3 

9.3 

1 

Clinic (S) 119.1 

119.1 

2 

Croc. Store (NS) 11.9 * 14.0 

12.95 

1 

Laundrcmstl (NS) 17.2 

17.2 

1 

Lomdro*et2 (NS) 24.3 

24.3 

2 

Bar/Rest.1 (S) 36.3 • 107.3 

71.0 

2 

lar/Rest.2 (S) 133.1 • 140.9 

137 

3 

Bar 3 (S) 36-78.3 

59 

2 

Submay St.1 (NS) 91.7 - 157.3 

124.5 

2 

Subway St .2 (NS) 55.1 - 66.5 

60.8 

1 

•ua Station (NS) 43.3 

43.3 

2 

Office Bdgl (S) 16.2 • 18.6 

17.4 

1 

Office Bdg2 (NS) 15.0 

15.8 

2 

Office Bdg3 (NS) 17.3 - 18.2 

17.75 

3 

Office Bdg4 (S) 26-00 

44.73 

2 

Office Bdg4 (NS) 15 • 15.2 

15.1 

1 

Office idg$ (S) 520.8 

520.8 

4 

Office Bdg5 (NS) 11.1 • 20 

14.83 

2 

University (S> 114 - 196 

155 

2 

University (NS) 5.6 - 44.3 

24.95 

Floor 

IvfWpa h a ssl fyMflna P 



7th Pre 

30 jr 9 /w? 3rd Pre 

« .a/. 5 



9th Prs 

28 

15th Pre 

*r 



7th Post 

22 

3rd Post 18 



9th Post 

22 

15th Poat 25 





Staple 

NO. Of 

Cone, 




gvrgtiw 

Cias. 

RSP 

Sol*n**ol 

Billiard Parlor 2 hr 

34" 

355 

12.8 

Home 


4 hr 

6 b 

187 

6.4 

Noam 


4 hr 

6 b 

212 

6.6 

0ep*t Store 

4 hr 

0 

55 

N0 

Automobile 

8 hr 

6 

18 

HO 

"Actual Count, 
“kitchen only. 

30 clge., 4 cigars. 




BSP Range 
RSP Mean 
UVPM Range 
UVPM Mean 


mimjjuaii 


(ne131) 0 - 1,088 
124 

(n-125) 0 - 287 
27 


RtH *vr gpti 

^n*83) 0 - 685 
126 

(n-82) G * 164 
36 


Offices (n»45) «9? (n-43) 24 


AM 

107 

33 

Range 

7-258 

2-170 

Restaurant (n*47) CM 

175 

(n-49) 47 

AM 

199 

61 

Range 

57-658 

7-163 


ZZZi>ZZ3Z0Z 
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Ozkaynak, et 
0990) 


Proctor 

(1989) 


Proctor, tt 
{1989b) 


Quackanboss, 
(1909a) 


Quackanboss, 

0991) 


Santanam, at 
0990) 


Sheldon, et 
(1988a) 
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Table 1. Continued. 


at. USA 


UK 


UK 


at at. USA 


at at. USA 


at. USA 


it. USA 


Homes (9) 18 participants 0-2 *0.8 ACH 


Offices (10) app. TSX Mechanical 
Train Coop.(20) 


Office (1) 26 a 2 / Mot Given 

parson 


Homes (98) Not Given Mot Given 


Homes (200) Mot Given Not Given 


Homes (280) Not Given Not Given 

70S, TONS 
each city 


Home for Not Given Not Given 

Elderly (2) 


Gravimetric PM2.5 
Stationary t 
Personal Staples 


Gravimetric PN3.5 
PASS Unit, 1 Hr Samples 


Gravimetric PH3.5 
10 sites sampled 
5 times each 


Gravimetric PH10 t PM2.5 


Gravimetric PM2.5 
2 weeks of samplIng 


Gravimetric PM2.5 
1 week samples 


Dichotomous Impactors 
< 2.5 mm 


N Average 

St. Deviation Range ■ uq/in 

Indoors 230 37.31 

24.27 

6.97168.82- 

Personal 52 75.09 

46.82 

19.90-240.56 

Outdoor 101 42.72 

23.97 

8.98-116.87 

LX2/**1 &jg.E*n2? 

m "eaq 

UVPM Ranqe UVPM Mean 

Of ffces(S) 33-260 

103 

.5 - 75 2 3 

Of fice(NS) 29*240 

90 

1-17 8 

Trains (S) 70.8-325 

216 

13-110 59.8 

Trains (NS) 63.3-450 

186 

9-105 33 

mma/ah 

Iflgg leal!" 1 ) 

S Mean - 103 

23 


Median • 91 

24 


NS Mean • 90 

a 


Median • 71 

8.8 



smoking 

Evap, Cool* 

JL 

PM2.5 (iig/ir) 

n 

PMIO (Ha/ 


Tes 

20 

8.8 

20 

21.0 

No 

No 

25 

20.3 

23 

38.4 


Total 

45 

15.2 

43 

30.3 


Yes 

10 

19.3 

10 

15.9 

1-20/day 

NO 

16 

32.3 

17 

53.4 


Total 

26 

27.3 

27 

46.2 


Yes 

6 

36.2 

9 

47.4 

>20/day 

No 

9 

82.7 

9 

102.5 


Total 

17 

60.8 

18 

75.0 


Seekers at Home Mo Smokers at Home 


S9H9Q- 

JL Hsdiw aa/s 3 

N 

Median 

Swtr 

49 

20.5 

50 

8.9 

Spring/Fall 

39 

20.1 

37 

10.6 

Winter 

24 

35.7 

26 

13.4 


^Seasons: Susmer ■ May * Sept caber 

Sprlng/falt ■ March, April, October, November 
Winter • December * February 


Steubenville <RSP jtg/m 3 ) 

Winter Stmmer 

S Homes NS Homes S Homes MS Homes 

43.57 19.54 49.85 29.5 

Portage (HSP 

Winter Surmer 

S Noams NS Homes S Homes NS Homes 

34.6 14.8 24.9 13.9 


HSP <2.5m*. U «g/m J ) Mean of 3 - 24 Hour Samples 


(partment (S) 
C ommo n s Area 

ipertment (NS) 
hjtdoors 


69 


f 02 


39 


N1 


16 (smoking 30 (smoking lounge) 
observed) 

9 9 

4 (1 24 hr 10 

ismple) 


u» 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Table I. Continued. 


Spengler, et at. USA 

0985) 


Homes 
Offices 
Uorkpiace 
(Non* office) 


Spengler, et at. USA Hones 

0987) (6 cities) App. 300 


Sterling L Mueller Canada 
(1988) 


Office 
Building (2) 


Not Civen Not Given 


Not Given Not Given 


Gravimetric PM2.5 


Particle Sampler PH2.5 
Week Long Samples 


Building Type Smoking (uq/m 3 ) Non smoking (jjq/m 3 ) 

“ U . A A __ _ - 


Homes N ■ 60 -w “ 

A* Mean 74 26 

Offices N » 31 80 

A. Mean 67 24 

Workplace M * 9 6 

(Non-office) A. Mean 50 23 


Range of Means - Homes 

Non Smoking 15 - 35 Mg/m 3 

Smoking 35 * 75 Mfl/m 3 

Homes M/smokers 30Mg/m 3 > Homes w/o smokers 
(Mean) 


Mechanical/ 

Light Scattering, Digital 

fj ample* 

RSP (jig/m 3 ) 

Re-circulated 

Dust Gocnter <5 pm 

Cafeteria (S) 6 

102.5 

Air 


Cafeteria (NS) 6 

64.5 



Offices (NS) 6 

6.0 

Pass. Vent/Ho Re-circulatlon 

Offices (NS) 2 

7.0 


Sterling, 
et a(. (1988) 

USA l 
Canada 

Of fices 

Not Given 

Not Given 

7 

Thomas, et al. 

USA 

1ndust rial 

30 ♦ 9 

8.6 ACH 

Gravimetric PM3.5 

(1989) 


Cafeteria 

560 m 3 

2900 cfm 

OA, 2500 

cfm RA 

2 hrs/dey for 14 Days 
(Lunchiime) 

Turner, et al. 

USA 

Offices 

126.5 ft 2 / 

Not Given 

P1ezobalance 

(1991) 


(585) 

person 


Ueschter and 
Shields (1989) 

U ^A 

Phone Switching 
Office (1) 

Not Given 

Not Given 

Gravimetric PM2.5 

I week samples 

Yocom, 

(1982) 

USA 

School, Homes 
(1) (2) 

Not Given 

(See Results) 

Resp. Pert. Matter 
PM2.5 


-Particles- NO - 2.7 mg/m 3 (0.04 median) 85 sables 

l inch time (MQ/m 3 ) Background (M 9 /m 3 ) 

RSP 60 * '50- 10+1O 

UVPM 54 ♦ 33 <"l 

(Avg. Smoking Rite During Sailing was 26 t 6 cig/hr) 



JL 

RSP (uo/m 3 ) means 


Smokers 

331 

46.37 


Non tankers 254 

20.11 


Total 

565 

34.97 


week 


Indoors (itfl/m 3 ) 

Outdoors 

Apr. 7-14 


0.85 

7.41 

Apr. 14-21 


1.22 

10.33 

Apr. 21-26 


3.05 

17.85 

Apr. 26 - May 5 

0.67 

7.50 

May 5-12 


3.50 

16.62 

May 12-19 


4.12 

17.59 

May 19-26 


2.41 

12.40 

May 26 • Jun 2 

3.12 

20.24 


SPH 8 Elgsnunr Sfhwl 


Vent, (a^/h/peraon) Indoora Outdoors 


10.6 

19.0 

26.3 

9.1 

11.7 

15.3 

2.5 

15.5 

26.3 


RPH in Home Pre l Post Energy Efficient Retrofit 

“PT«- Post 

Indoor Outdoor Indoor Outdoor 


Nome 1, S 

31 

10 

36 

11 

Home 1, NS 

9 

14 

8 

13 

Noam 2, NS 

12 

9 

10 

10 


wzizzazoz 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Table 2. Carbon monoxide (ppm) measured under realiitic conditions (Gonvenion factor: lppm = 1.15 mg/m 1 ). 


Author A Oatc _ Country Building Type Occupancy Ventilation Sampling Concentretions/Comments 


Carson A Ericson Canada Offices (31) >2 people Not Given 

{1988} w/min. 1 

smoker 


Cousins A Collett Canada Schools (3) Not Given Not Given 
(1989) 


Crouse, at al. USA 
(1989) 


Offices (30) Not Given Not Given 
Restaurants (30) 


Crouse, et al. USA 

(1988) 

Eucty, et al. USA 

(1987) 


Restaurants Not Given Not Given 

(36) 

Restaurant Not Given Not Given 


Electrochemical 
Detector in PASS 
Unit, 1 sample/ 
minute 


Indoor Outdoor (ppm) 


A. Kean 

1.9 

1.9 

G. Kean 

1.3 

1.2 

Kin. 

«.1 

<.1 

Max. 

8.7 

5.8 

No. of Offices 

28 

21 


Electrochemical 

Analyser 


PASS Unit, 

Electrochemical 

Detector 


CQ (ppm) 

A. Mean 

Range 

Outdoor 


Old School Renovated School 
1.3 1.1 

1.0-1.8 0.7-1.5 

2.1 11.5 


New School 
0.9 

0.7-1.1 
1.1 


Portables 

0.9 

0 . 8 - 1.0 
1.1 


Off ices-Outdoors 

JL 

29 

Range (pom) 
0.2-7.2- 

A. Kean (ppm) 

rra- 

Off ices-Indoors 

29 

0.6*7.1 

2.5 

Restaurants-Outdoors 

31 

0.2-9.2 

3.4 

Restaurants-Indoors 

31 

0.4-12 

5.0 


PASS Unit 


N Range 

CO (ppm) 36 0.9 - 6.3 


C. Wean A, Wean St. Pcviatioo 
2.4 2.6 1.5 


Electrochemical 
Analyzer, Sample 
every 10 mins, 
during 48 hr runs 


CO (5) 48 Hour Sampling Rws 

Range 0 - 16 ppm 

A. Kean 4 ppm 


First USA 

(1983) 


Flachsbart, et al. USA 
(1987) 


Public Places 

Various 

Not Given 

Ecolyzer 

Site 

£<**7 Ippv 





Chambcrl 

2.0 - 1 cig. smoked 





Ghaafeer2 

1.5 - 1 cig. smoked 





School cafaterfal 

1.0 - no smokers 





School cafeter(a2 

0.5 - 2-3 smokers 





Tavarnl 

8.0 - 1-5 smokers 





Tav*rn2 

8.0 - 2-3 smokers 





Tavtrn3 

7.0 - mostly 1 smoker 





Bus Terminal 

3.5 - 50-100 people, 1-5 smokers 





Bus Terminal (outsfde)2.0-2.5 





Fast Food Restaurant 5.0 • 1-3 saiokcrs during sampling 





Sa. Sitdown Rest.1 

6.0 - 15 diners, 4 smokers 





Sm. Sitdown Rest.2 

6.5 - 23 diners, 1 saioker 

Car (8) 

Not Given 

Not Given 

Electrochemical 

N* Range of Means (ppm) A. Kean of means (ppm) 

Bus (4) 



Detector 

Automobile 213 

8.8 - 22.3- 11.6 

Train (3) 



No Smoking 

Bus 35 

3.7 • 10.2 6.0 





Train 8 

2.0 ♦ 5.2 2.88 





*N-nuit>cr of trips 



Hedge, et al. USA 
(1990) 


Office Not Given Not Given 

Building (2) 


Direct Reading 


A. Mean (ppm) 

InterScan 4000 


AM 

“PM — 

Hourly Samples 

Smoking Prohibited 

0.0 

0.0 

Smoking Restricted (Office) 

2.5 

1.7 


Smoking Restricted (Office 
with des. sacki ng area w/LACS 
‘local Air Cleaning System 

2.8 

> 

2.6 


EC2t-229802 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 
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Table 2. Continued. 


IT Corp. 


USA 

Offices (38) 

Varied 

Not Given 

Electrochemicil 

Offices Restaurants 

(1987) 



Restaurants (36) 


detector, sampled 

Range (ppm) 0.5-6 IT. 4 

: 9 







each tain, for 60 
aiin. 

A. Mean (ppm) 1.9 3 

.1 

Lofroth, et 

al. 

USA 

Tavern 

5-25 people 

Not Given 

Electrochemical 

first Studv (3hr ) Second Studv (4hr) 

(1989) 




180 m 3 


Detector 

* 

1 







Indoor 4.4 mg/a? 4.8 mg/ml 

Outdoor < 1 9Q/WT 1-2 mg/nr 

Munford, et 

at. 

USA 

Mobile Homes 

Not Given 

0.5 AGH 

SPE CO Detectors 

N* Kerosene Heat On 

N Kerosene Heat 

<1990) 







A. Mean 30 7.4 ppa 

37 1.5 ppa - 








Max I nub 30 11.5 ppa 

37 1.5 ppa 








N*Niatoer of taapling days or nuifcer of samples anal 

Proctor, 


UK 

Offices (10) 

Not Given 

Mechanical 

Electrochemical 

LEESl £2 *: w^an 

(1989) 



Train Coap.(20) 

app. 75% 

Not Given 

Detector, 1 
tempi e/ai nut • 

Offices($) 0.5 • 5 1.4 

Off lcc(NS) 0.7 - 4 1.2 





(10S, IONS) 



Trains (S) 1 - 2.2 1.6 

Trains (MS) 0.5 - 2.9 1.3 



Proctor, et 

al. 

UK 

Betting Shopa 

Not Given 

Mol Given 

Elect rochemical 

N Mange («*a) 

A. Mean 

(1989a) 



(6) 


' ' 

Detector 

Indoor Sacking 11 3.6-9.4 

5.1 







Indoor N-Smoking 2 2.8-3.4 

3.1 








Outdoor 16 2.8-9.0 

4.4 

Proctor, et 

al . 

UK 

Office 

26 m'Vperion Mot Given 

Electrochemical 

Smoking Mean - 1.4 ppm 


(1989b) 



Building (1) 



Detector, five 

Median - 1.1 ppa 








1 hr continuous 

Non smoking Mean - 1.2 ppa 








samples 

Median - 1 ppm 


Ster l ino 1 


Canada 

Office 

73-1,8/W 

1)Hechanical • 

Electrochemical 

BuiIdina(s) A. 

Mean (w**) 

Mueller (1988) 

Buildings (2) 

Air Jtecirc. 

Analyzer, 3*4 

Smoking Cafeteria UZ 

3.9 






2)Maturel, 

ain. samples, 

Non Smoking Cafeteria U2 

2.6 






No fleetrc. 

6/location 

Non Smoking Offices 1 

1.8 








Non Smoking Offices 2 

1.35 

Sterilog. 


Canada 

Office 

.79/IGw 2 

forced Air; 

Electrochemical 

A. Mean (Dorn) 


(1988) 



BuiIdlng 


reelrculat Ion 

Analyzer, 3:4 

Sawklng Prohibited 2.1 






Min. 20 cfm/ 

ain. samples. 

Smoking Permitted 2.5 







person fresh 

3/location 

Deeignatad Smoking 4.2 



air 


Mot Given 


(1988) 






CO (ppa) 241 

NO - 245 2.65 

Thomas, et al. 
(1989) 

USA 

Industrial 
Cafeteria 

30+9 people 

560 « 3 

8.8 ACH 

5,400 CFM 

Electrochemical 
Sensor, 120 
samples/day for 

12 days 

Lunchtime 

Background 

Average Concentration (pp"0 

0.9 ♦ 0.4 

0.6 * 0.2 

Turner, et al. 
(1991) 

USA 

Offices (585) 

126.5 ft 2 / 
person 

Mot Given 

Electrochemical 
Detector, 10 
readings/hour. 

Smoking 

Non Smoking 
Total 

JL £9 ,1 seal &j 

331 3.40 

254 3.13 

585 3.29 

JBS1 0 

Yuill 4 Comeeu 
(1989) 

Canada 

Hemes (76) 

Mot Given 

0.29 ACH 
(0.0-1.35) 

CO Instrument 

Living Room 

Basement 

Bedroom 

JL 6. r^*n tppsl 
76 0.7 

69 0.7 

73 0.4 

Range (ppm) 
0.0 • 4:0 
0.0 - 4.0 
0.0 • 3.0 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Author l Date 


Chuang, et al. 
(1988) 


Coultes, et at. 
(1990a) 


Coultas, et al. 
(1990b) 


Grouse, et al. 

<1908) 

Crouse 1 Carson 
(1989) 


Crouse ft Oldakcr 
(1990) 


Eudy, et al. 
0987) 


first 

(1983) 


Henderson, et al. 
0989) 


Table 3. Nicotine measured under realistic conditions. 


Cocntry Building type Octupaocy Ventilation Sampttog 


Concentrat ions/Comments 


USA 

Homes (6) 

Not Given 

Not Given 

Pulp w/XAD-4 Sorbent 

2 * 8 hr samples in 

Nome # 

Nicotine i 

INS 2S _$S 4S 5S 6S 7NS 

0.17 15 1.7 29 45 4.1 0.02 





living room 

(yg/a-) 


USA 

Workplace (15) 

Not Given 

Not Given 

Personal Pimp w/ 
Soditn bisulfate 
fiIter, 6.5 hr 
samples 

Males 
Hospital 
Offices 
Barber Shop 
Restaurant 
Retail Store 
Female* 
Hospital 
Offices 
Public Trans 

n A. Mean (yq/m 3 ) 

2 28 

2 4.65 

2 6.85 

1 45 

1 69 

3 22.7 

3 33.97 

. 1 0.0 

USA 

Homes (10) 

Hot Given 

Not Given 

Purp w/Sodiua Bt* 
sulfate filter, 

10 aamplea/hoaie 

Mean Range 0.6 - 6.9 Mg/m 3 
(100 saaplcs) 

USA 

Restaurants 

(37) 

Not Given 

Not Given 

PASS Unit w/XAD-4 
Sorbent ( 1 hr saaple 

Restaurants 

n Ranqf (pq/e» 3 ) A. Mean (yg/m 3 ) ! 
37 1.6 - 34.7 - 6.6 

USA 

Offices (32) Not Given 

Restaurants (36) 

Not Given 

PASS Unit w/XAD-4 
Sorbent 

Offices (jia/A RfHPurenti ^a/m 3 j 
G. Mean 3.6 4.1 

Range 1.2 - 24.3 1.0 - 36 

USA 

Restaurants 

(2D 

Hot Given 

Not Given 

PASS Unit & personal 
Pump w/XAD*4 Sorbent 
Hfn. 1 hr saaple for 
four months. 

Naan <M8/* 3 > 
Median 

Range 

PASS Unit Personal Puip 

6.3 -4.3 

4.2 2.9 

0.3 - 24.6 0.3 * 24 

USA 

Restaurant 

Not Given 

Not Given 

Pimp w/XAD-4 Sorbent 
(12) 4 hr saaplcs 
during (5) 48 hr 
saaple runs. 

Range 

A.Mean 

Nicotine (aa/m 3 ) 

0.29 - 11.5 

2.1 

USA 

Public Places 

Various 

Not Given 

Pump u/Potassiui 
bisulfate filter 

Site 

Cheater 1 

Ch miter 2 

Avq. Cone, (yq/m 3 ) 

13.9 - 1 cfg^smoked 
13.9 • 1 clg. smoked 


8NS 


School cafeterfal 
School cafeterias? 
Tavern) 

Tavern2 

Tavern} 

Bus Terminal 
fast Food Restaurant 
So. Sitdown Rest.1 
Sa. Sitdown Rest.2 


5.5 • no saiokers 
2.7 - 2-3 smokers 

6.3 - 1*5 smokers 

9.4 - 2*3 smokers 
15.9 - mostly 1 smoker 

- --- • 50-1D0 people, 1*5 smokers 
30.0 * 1-3 smokers during sampling 
12.0 - 15 diners, 4 smokers 
16.3 • 23 diners, 1 smoker 


Homes Not Given Not Given 

15 w/Smokers 
12 w/o Smokers 


Punp u/Sodius 
Bisulfate Filter 
5pm* 7 am a 2 days 


Average Coocentration (yfl/g 3 ) 
Smoking Homes 3.74 

Non smoking Homes 0.34 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Tabic 3. Continued. 


o 


IT Corp. USA 

(1987) 


Jenkins, et al. USA 
(1968) 


Offices (38) Not Given Not Given 
Restaurants (36) 


Restaurants Not Given Not Given 
(36) 


Ptirp w/XAO-4 Sorbent Offices (Mg/m*) Restaurants (^g/m*) 

1 Mc - Satnples Range nd * 30 nd - 1 ? 

A. Mean 6 4 

(Offices 4 Restaurants sampled had no smoking restricttons) 


Personal Puip w/ 
Tenax Sorbent. 

1 hr samples 


nicotine (m/a 3 > 
Range r.5 • 37.2 
A. Mean 5.78 


lofroth, et al. 
(1989) 

USA 

Tavern 

5 - 25 

180m 

Not Given 

McCarthy, »t al. 
(1987) 

USA 

Homes (81) 

68 $, 13NS 

Not Given 

Not Given 

Miesner, et al. 
(1989) 

USA 

Public 

Buildings (11) 

Not Given 

Not Given 


Oldaker, et al. 

USA 

Offices (46) Not Given 

Not Given 

(1988) 


Restaurants (49) 



Oldaker, et al. 

USA 1 

Offices 1 

Min. 2 Not Given 

(1990) 

Canada 

Restaurants 

people/off ice 



<4 Cities) 

1 smoker 


Pump w/ filter 
3 i 4 hr Samples 


Puip w/ Sodiua 
bisufate filter. 
Personal fc Area 
Samples 


Pu»p w/Sodiun 
bisulfate filter 


Pass Unit w/XAB-4 
Sorbent 


PASS Unit w/XAO-4 
Sorbent Tube. 


hi Study (3hr) 

71 fig/* 3 


2nd Study (4hr) 
60 M9 /* 3 



H£dUrj Range (M 9 /m 3 ) 

Personal (NS) 

0.3 

— 072 0.0 ♦ 1.0 

Personal <S) 

2.5 

1.9 0.1 * 12.0 

Home (NS) 

0.1 

0.0 0.0 - 1.6 

(Personal samples done on children 8-11 yrs 

n A, Been <na/w 3 ) 

Bar (S) 

3 

3.7 

Bar/Rest.1 (S) 

2 

7.55 

Bar/Rest.2 (S) 

2 

7.85 

Subway $t. (NS) 

1 

1.0 

Hospital ($) 

1 

1.6 

Clinic 

1 

17.1 (Des. Smoking 

Office Bldgl (S) 

1 

0.6 

Office Bldg2 (MS) 

1 

2.0 (Smoking room 

Office Bldg3 (NS) 

1 

0.4 

Office Bldg4 (S) 

2 

3.15 

Office BldgS 

i 

26.5 (Des. Smoking 


Offices (jig/w ) 

G. Mean 3.3 - 

A. Mean 4.3 

Range 1.0 * 16.3 

9ffi9?f (jifl/* 3 ) 
(n-156) 0 - 69.7 

4.8 


Rang* 

Mean 


Restaurants (ng/m 3 ) 

- 4.5 

6.2 

0.7 • 15.6 

Restaurants (ng/m^) 
(n*170) 0 - 23.8 
5.1 


Proctor UK 

(1989) 


Proctor, et al. UK 
(1989a) 


Proctor, et at. UK 
(1989b) 


Offices (10) Varied Mechanical 

Train Compartments 75X Not Given 

( 20 ) 

Betting Shops Not Given Not Given 

( 6 ) 


Office (1) 265 ft 2 / Not Given 

person 


PASS Unit u/XAD-4 
Sorbent, 1 hr 
samples. 


Offices (S) Offices (NS) Train (S) Train (NS) 

Range 0.6 - 26 0.1 * 2.1 0.6 - 49.3 0.5 * 21.2 Ug/m 5 ) 

A. Mean 6 0.6 15.3 4.5 


PASS w/Tenax Sorbent 


jl ganas iaa/a 3 ! 8, gssn Ust/™ 5 ! 

Smoking 11 3-57 19.36 
Non Smoking 2 0.4-2 1.2 
Outdoor 3 0.3 -0 .4 0.33 


Pcmp w/XAO-4 Sorbent 


Mean (aq/m 3 ) Median (iiq/m 3 ) 
Smoking 6 3.1 

Non Smoking 0.6 0.6 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 
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Schenket, et *1. 
(1987) 


Sterl irvg 
et aU (1988) 

Sterl ing t Muel ler 
(1988) 


Thomas, et al. 

(1989) 


Turner, et al. 
(1991) 


Vaughan t Heemond 
(1990) 


6CSt’229S02 


Table 3. Continued. 


USA 

RR Workers 
Office, Repair 
Shop, Outdoors 

Mot Given 

USA 4 
Canada 

Offices (32) 

Not Given 

Canada 

Office (1) 

M-Smoking 

.79/1 On 2 

USA 

Industrial 

Cafeteria 

30 ♦ 9 

560 m 3 

USA 

Offices (585) 

126 ft 2 / 
person 

USA 

Office 

Mot Given 


Mot Given 

Personal Punps 
w/Sodiun Bisulfate 
Filter (2 Days) 

Not Given 

Not Given 

forced Air; 
Recirculation 
from (S) area 

Personal Punp 
w/KAD-4 Sorbent, 

2-8 hr Santples 

8.8 ACH 

2900 cfm OA 
2500 cfm RA 

Pl mp w/XAO-4 Sorbent 
2 hr. samples for 

14 days (11:30-1:30) 

Not Given 

Personal Punp 
w/XAO-4 Sorbent, 

1 hour samples. 

Not Given 

Passive (M-f) 1 
Active (U) on sodium 
bisulfate fiIters. 


Mean Conc entration (jig/* 3 ) 

Office (n*12) -1 0.2 ♦ 2.2- 

Repair (n*13) 5.8 ♦ 3.4 

Outdoor (n*73) 0.4 ± 0.1 

Range MO * 43.7 M9/«t 3 

Median - NO 

Range (M9/m 3 ) 
nd * 1 


Lunchtime Background 
Avg. Cone. <M9/* 3 ) 5.1 ♦ 1.6 0.14 ♦ 0.03 

(Average smoking rate during sampling was 26*6 cig/hr) 

Nicotine- A. Mean (jig/m 3 ) 
Smoking 6.6 

Non Sacking 0.17 

Total 3.84 


A.Mean Pre Smoking Policy (jtg/m 3 ) Post Smoking Policy 


NS desks (n*13) 
Snack Bar (r>*3) 
Cafeteria (n>6) 
$ Oesks (n*6) 


2.45 

11.3 

4.5 

10.7 


0.3 

85.4 (Designated Smoking) 
5.3 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Table 4. Nitrogen dioxide measured under realistic conditions (ppm = 1 900 fig/ra'; ppb = 1.9 pg/m*). 


Author 4 Date 


Berwick, et al. 
(1939) 


Brauer, et al. 
(1990) 


Ounont, 

(1906) 


Good, et al. 
(1982) 


Mol towell 
and Nlksch 
(1981) 


Country Building Type Occupancy ventilation _ Samp l ing 


Concent rat ions/Comments 


USA 


USA 


Canada 


USA 


USA 


Homes (72) Not Given Not Given 


Homes (11) Not Given Not Given 


Homes (46) Not Given Varied 


Homes (90) Simmer S home NS home 

Avg. No. Smokers 2.Z 2.7 

Avg. No. NSmokers 1.3 0.3 

Winter S home NS home 
Avg. No. Smokers 2.0 2.7 

Avg. Mo. NSmokers 1.4 0.2 


vent, rates not given 


Passive tubes, 

3 local ions/house, 
2 week samples 


Passive samplers 
Triethanolomirw 
Color!aetric 
24 hr. indoor, 

43 hr. outdoor 

Passive samples, 1 
week, 1 sample/house 


Palates personal 
sampler, 7 day, 
kitchen, betroom, 
living room. 


N0 2> M9/M 3 


W 1 only 2 only None 


Room N 

NO, 

N 

_NO, 


NO, 

M 

NO, 

Kitchen 6 

i ■ 

93.50 

49 

- c- 

41.07 

13 

- c - 

40.92 

4 

6.40 

Living Room 6 

76.00 

49 

43.40 

13 

24.85 

4 

6.23 

BedrooM 6 

104.75 

49 

33.33 

13 

23.54 

4 

5.19 

House Ave. 6 

90.03 

49 

40.93 

13 

31.43 

4 

5.94 

1 « Kerosene heater 

2 - 

Gas stove 





NQ 2 , ppb 

_ N Wean Win. Max. 

Indoor 30 17 7 36 

Outdoor JO 15 S 26 

- . .» * _A^-H ean (ppbj 


Wood stove, smoke 

9 

5.6 

Wood stove, no smoke 

21 

5.1 

No wood stove, smoke 

4 

5.3 

No wood stove, no smoke 

12 

3.5 


NOj, Means, jKg/m^ 


Stove # Of Kitchen Living Room Bedroom 

Cla. N Stm. Win, Sim, Win, Sim. Win 


Elec. 

> 20 

15.6 

21.3 

—16.5 

23.5 

14.0 

21.3 

Ges 

> 20 

3 76.3 

156.6 

66.9 

112.2 

48.4 

96.4 

Elec. 

< 20 

11.3 

20.3 

12.4 

19.6 

10.7 

17.5 

Gas 

< 20 

3 *7.0 

219.6 

47.1 

117.4 

38.7 

97.8 




NO,, Ag/m 3 




Room 

Season 

Smokf_ 

N 

Mean 

Max 

Nln 


Living -- 

Suimer 

NS 

54 

12.4 

86.5 

*2.5- 


Room 


s 

33 

16.5 

40.8 

•0.4 



Winter 

NS 

49 

17.5 

36.6 

5.7 




s 

33 

21.3 

49.6 

1.6 


BedrooM 

Simmer 

NS 

54 

10.7 

66.9 

-2.7 




S 

33 

14.0 

42 7 

-0.6 



Winter 

NS 

50 

20.3 

57.1 

5.3 




i 

33 

21.3 

54.3 

1.4 


K f tchen 

Stumer 

NS 

54 

11.3 

72.0 

-3.4 




S 

33 

15.6 

44.7 

0.5 



Winter 

NS 

49 

19.6 

44.5 

5.7 




S 

38 

23.5 

65.6 

1.4 


Outside 

Stmmer 

NS 

54 

21.3 

70.5 

1.1 




S 

38 

22 .6 

54.5 

6.3 



winter 

NS 

43 

52:3 

99.9 

18.7 




S 

35 

50.0 

91.3 

8.9 



Office (1) Not Given Not Given C*>e week 


N0 2 • 60 *9/*?' 30 ppb 




Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Tabic 4. Continued. 


Hosein, et al. Canada Homes (5?) Hot Given Not Given 

(1985) 


Marbury, et al. USA Homes (144) Hot Given Mot Given 

(1988) 


MaOH impinger NQg pg/m 3 , Geometric means 



Air Cond. 

N N02 

No Air Cond 
_M_NO?_ 

Gas Stove 

4 175.1 

7 

182.1 

Elec. Stove 

12 70.9 

29 

81.8 

No Gaa 

S«er 

Winter 


H N02 

N 

N02 

Smoke 

29 76.1 

29 

82.6 

No Smoke 

12 74.5 

12 

75.7 


Passive sample tubes 

NO}, means 

and range, ppb 

2, 2 week samples. 



3 sanples/home 

Gas stove 

Elec, itove 


1 2 

1 2 

outside 

19.1 20.3 

14.1 19.6- 


(5.2-26.7) (6.9-31.6) (5.1-24.3) (5.1*30.1) 
N-36 N-38 N>38 N»28 

Activity 41.3 39.3 7.8 770 

Room (8.4-168.7)(7;0-135.9)(2.0*20.9) (1.3-22.7) 

M-81 N-74 M-59 H-53 

Bedroom 33.1 30.9 7.0 6.2 

(4.4-167.1X4.0*140.4) (1,6-32.5) (1.1-22.4) 
N«82 8-75 M«60 N-56 

1 * 1st cycle of templet 2 - 2nd cycle of tmples 


Morey and 

USA 

Offices (7) Not Given 

Not Given 

Triethanolamine tube 


N0 2 , ppm 



Jenkins 


(problem* reported) 


50-200 ml/min., 





(1989) 




colorimetric 

r?9f_ 

Indoor 







E 

<0.07 

<0.06-0.10 







i 


0.2-0.3 







f 

0,04 

0.20 







G 

0.05 

0.090.10 







H 

0.10 

<0.07-0.09 







1 

0.10 

0.03-0.16 







J 

<0.02 

<0.02-0.20 







K 

<0.02-0.05 

<0.03*0.60 







K 

0.03-0.08 

0.04-0.70 


Moschandreas, 

USA 

Homes (18) Not Given 

Not Given 

Portable Chcmi- 


Appliance Room (ppbl Control 

Room (ppb) 

et al. (1990) 


w/gas furnaces 


luminescence del.. 

m 2 

Mean Range Mean 

Range 





4 samples < 15 min. 

29 3 - 

33 32 

7 - 40 






Furnace Off 
Furntcc On 

40 3 * 

58 42 

4 ’ 54 


IVZi’ZZSZQZ 

j 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 
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Tabic 4. Continued. 


Petreas, et at. USA 
(1968) 


Mobil Homes Not Given Not Given 
(312) 


Spengler, et at. USA Homes Not Given Not Given 

(1987) 


Sterling, et at. USA 4 Offices Not Given Not Given 

(1988) Canada 


Yocooi, USA Homes (9) Not Given Mot Given 

(1982) 


Palmes tubes, N0 2 , ppb 

3 sites/house, 

one week sanples Room N A. Mean G. Mean 



Sumner, 

elT 

Kitchen 

311 

20.73 

— 16.92 




Bedroom 

312 

14.64 

11.71 




Outdoor 

30 

11.64 

8.95 



gas 

Kitchen 

263 

22.89 

20.25 




Bedroom 

265 

15.99 

13.51 




(Xjtdoor 

25 

11.20 

8.39 



elec. 

Kitchen 

47 

8.98 

6.18 




Bedroom 

46 

7.77 

5.14 




Outdoor 

5 

13.78 

12.33 


Winter, 

alt 

Kitchen 

254 

26.56 

21 .09 




Bedroom 

254 

18.67 

15.10 




Outdoor 

27 

22.61 

19.16 



gas 

Kitchen 

230 

28.68 

24.33 




Bedroom 

230 

19.98 

16.77 




Outdoor 

23 

22.41 

18.77 



elec. 

Kitchen 

23 

6.29 

5.36 




Bedroom 

23 

6.07 

5.48 




Outdoor 

4 

23.74 

21.52 



gas « 

gas stove 


elec. ■ electric stove 


Simmer 

Kitchen LA 

61 

36.92 

24.26 




Non-LA 2S0 

19.26 

15.66 



Bedroom LA 

60 

22.31 

19.44 




Non-LA 252 

12.97 

10.27 


Winter 

Kitchen LA 

46 

34.75 

30.52 




Non-LA 208 

24.76 

19.55 



Bedroom LA 

48 

25.74 

21.26 




Non-LA 206 

17.03 

13.98 


LA 

■ Lot Angeles basin 

Non-LA ■ 

Not in LA 

Palmes Passive 

NO,_ 

Gil 

Home (ppb)_ 

Electric Home (p 

Sampler 


N 

Mean 

SO 

N 

Mean SO 


Fall 

160 

27.6 

10 

68 

11.8 2.5 


Simmer 

142 

25.2 

6.6 

68 

14.4 2.5 


Winter 

166 

24.3 

5.4 

70 

17.1 3.5 

Not Given 


N 



Hin. Max. 


NO, 49 NO NO 0.1 ppm 

NO' 40 NO NO 26.3 ppm 


Palmes tubes, 4 week 

MO, 

Gas etove (5J 

Elec. SIqvc_(' 

Mean values (M9/m 3 ) 

Fixed, Outside 

17.1 mb/* 3 

16.9 NO/"* 3 


Kitchen 

59.2 

15.7 


Bedroom 

37.3 

14.5 


Personal. Husband 36.3 

19.8 


Wife 

40.8 

16.7 


Child 

45.2 

8.7 


ZpZbZZSZoz 


Source: https://www.industrydocuments.ucsf.edu/docs/kghmOOOO 
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Table 5. Formaldehyde mcaiurcd under realistic conditions (ppm = 1 230pg/m'). 


Author l Bate Couitry Building Type Occupancy Ventilation Samp lmg 


Concentrations/Comnents 


Ounont, 

11986) 

Canada 

Homes (46) 

Not Given 

Girman, et al. 
(1989) 

USA 

Office 

BuiIding 
(52,000 *q. 

Not Given 

ft.) 

Grot. et al . 
(1991) 

USA 

Office (1) 

230 ft?/ 
Person 

Hedge, et al. 
(1990) 

USA 

Office 

Building* 

(2) 

Not Given 

Hoilowell 
and Miksch 
(1981) 

USA 

Home ( 1 ) 

office (1) 

Not Given 


0.21 ach, ave. Passive badges 

2 samples/house 
1 week/sample 

Mechanical Midget Impingers 

chronotropic acid 
analysis, 
formaldehyde 


Not Given Sodiun bisul f i te 

impregnated filter 


Not Given 


EPA Method 10-11 
3 hr samples 


0.4 ach Not Given 


lofroth, et al. USA 
(190V) 


tavern 5 25 {R*oplc Not Given Pimp w/sorbent 

314 hr samples 

180 nt- MPLC Analysis 


Formaldehyde (ppm) 

Mean _ Median Range 

0.097 0.091 0.03-0.24 

Pre-Bake Out (jig/m^) Post-Bake Out (iig/n^) 

1st Floor 51-65 

2nd Floor 32 38 

Plenua 34 38 

Outdoor BO 80 

Formaldehyde 0.02-0.06 ppm 


Mean Formaldehyde (ppm) 

AM PM 

SP 0.023 0.019 SPsSmoking Prohibited 

SB (Office) 0.006 0.012 SR«S«oking Restricted 

SR (Smoking) 0.01B 0.023 

Formaldehyde in new home _ 

Unoccypied, no furniture 80+ 91 

Unoccupied, with furniture 223* 7X jig/m: 

Occupied, day 261+10X h9/<*{ 

Occupied, night 140+31X ju 9 /m 

Outside <20 _ 

Aldehydes in an office building (jta/m 3 ) 
formaldehyde 49 

Formaldehyde from various indoor environments 


location _ Range (ppm) Mean (ppm) 

Mobile homes (2), Pa. 0.1-0.8 0.36 

Mobile homes w/ complaints 0-1.77 0 . 10.44 

(Wash.) 

Mobile homes w/ coaplaints 0-3.0 0.4 

(Minn.) 

Mobile homes w/ complaints 0.023-4.2 0.88 

(Wise.) 


1st Study 3 Hr 2nd Study 4 Hr 
Formaldehyde 104 89 


1 

Cl'21’229202 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 
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Source: https://www.industrydocuments.ucsf.edu/docs/kqnmOOOO 
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Table 6. Benzene measured under realistic conditions (ppb = 3.2 fig/m*). 


Author l Pate Country Building Type Occupancy Ventilation Sampling Concentrations/Coaments 


Bayer L Black 

USA 

Offices 

Not Given Mechanical 

Personal Pimp 


Smoking 

2.0ppb 

Non Smoking 

(1987) 




w/Tenax, 4 hr 
taaples(3S,3NS) 

Benzene 

-tT2p*s6 


Chan, et al. 
(1990) 


Gtnaan, at al. 
(1989) 


Lewis 

(1991) 


Canada 


•s (12) 


Not Given 


Not Given 


Office luiLdlng Not Given 
(52,000 ft*) 


Tenax/Charcoal 
2 outdoor, 4 Indoor 
saaples each, 90 aln. 
sables, 5-50 liters/ 

laaple 


Mechanical 


Pump w/Tcnax 
Sorbent, CC/MS 


fregency. Range. aod_A_yfl, pig/m 3 ) Outdoors/Indoors 12 Howes 
Aablcnt Air (Nov/Dec) indoor Air 

f Range _ Avq. F Range Avu. 

Benzene 12 1-11 7.3 12 5-59 14.8 

frweyyy, Rena?, end Avfl- (Nfl/a» 3 ) Outdoor/Indoors 6 Homes 
Aabicnt Air (Feb/Mar) Indoor Air 

f .frETO!_ to* _ f ***** Ava. 

lenzene 6 2-8 6.0 6 7-15 10.6 

Eggimritlytt (na/w 3 ! 

_ Pre-Bake-Out ____ p,o»t-layout 


tetri. 2nd Fl. PI erase Roof 1st FI. 2nd FI. 
2.8 3 3 1 0.8 1.5 

(BO • Below Oetect(on) 


Pie 


Roof 

BO 


( 10 ) 


Not Given 


SS Canister Avg. Indoor Cone, from OUTdoor Sources and Indoor Souccs (ppbC) 

12 hr saaplea, Cwouxl >05 >08 $)) BH B17 ft20 |t26 R?9 AU 

CC/MS Benzene OUT 11 17 20 11 14 15 50 13 IS 

IN 2 -1 2 1 0 1-1 2 1 


lofroth, et al. USA 
0989) 


Tavern 


5 - 25 people u«.\ Given 
180 « 5 


Stainless steel 
canister, CC/MS 


first Study (3hr) 
Indoor Outdoor 
Benzene 27 6 


Second Study (4hr) 

Indoor Outdoor (M9/<* > 

21 8 


Ptell, et si. USA Homes (26) Not Given Not Given Summe Cannisters 

(1986) GC/f1D,EC0 


Benzene 


_ Indoor Air (PPBV) _ (Xjtdoor Air _ 

Suaaer Data Winter Oita SiJnaer A Winter 

15 Samples 16 Staples 6 Saaples Each 

f 0b>. Mean flange # Obs. Mean Range B Qbs, Hean Range 
15 7.6 0.39*48 16 4.80.53-23.6 12 0.570.33-0.77 


Proctor 

(1989) 


UK Offices (10) Not Given Not Given Pimp w/Tenax 

Trains (20) Sorbent, 1 Benzene 

hr. saaples. 


A^ Mean Median Range A. Mean Median -Range (ms/to 3 ) 
6 3.1 0.6 * 26 11.8 11.6 0.9 - 28.6 


Benzene 


12 




Train(NS) 

7.4 5.1 2.9 • 29.3 


SV2V23920Z 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Tabic 6. Continued. 


Proctor, et al. 

UK 

Betting Shops 

(6) 

See Mot Given 

Tenax IA, 3 l/hr. 

Compound 

N 

Site/smoke 

Poo/smokers 

Qty. Hear) (uq/m*) 

(1989a) 




chart 

briefcase. GC/MS 

Benzene 

3 

A/S 

20/5 

14.3 









2 

B/S 

10/2 

14 









2 

C/S 

7/3 

21 









2 

D/S 

15/5 

18.5 









2 

E/S 

10/2 

18.5 









1 

E/Outside 

Nvy. Traffic 

22 









2 

F/NS 

11/0 

9.5 









2 

F/Outside 

Med. Traffic 

15 


Proctor, et al. 

UK 

Office (1) 

265 

ft^/persoo Not Given 

Tenax, 10 ml/min. 



Smokers* 

Office Nonsmokers' 

Office 

(1989b) 





GC/MS, pciTp 

Compound 


A. Mean 

Median 

A. Mean 

Median 






Cones in pg/m- 

Benzene 


13 

8 

12 

10 


Proctor, et al. UK Homes l work Varied Varied Personal sampler 

0991) 24 hour samples, 52 women 


Compound Smoke/Work Smoke/No work No sank e/ Work No smokt/No work All Sheets 

_ Mean Ned l an fiange _ Mean Median Range _ Mean Median Range _ Mean Median Range _ Mean Median Range 

Benzene 15.7 13.3 3.2-44.7 21.6 13.4 5rTO03 60.7 15.5 0.7-510 13.2 10.4 0.2-32.1 26.5 12. S 0.2-510 


Sheldon, et al. 
(19Mb) 


USA Hospital (1) 

Nursing Home (2) 
Offices (3) 

Martinsburg, UV 


Not Given Not Given Pimp w/Tenax 

12 hr sample GC/MS 

Mean Concentration (nq/O 

Fairfax, VA Worcester, MA Washington, DC 


Cambridge, MA 


Martinsburg, WV 


Benzene 


Hospital (new)- 
Trip 1 Trip 2 Trip 3 
L7/84J. C10/84) (8/85) 

Office (new) b 
Trip 1 Trip 2 

0/85) (5/85) 

Nursing Home (r>ew) c 
Trip 1 Trip 2 
__(4/85) (8/B5) 

Office (old) 
Trip 1 
(8/84) 

Offtec/School (old) 
Trip 1 
(2/85) 

Nursing Noam (old) 
Trip A 
(7/84) 

1.55 2.13 2.80 

2.74 4.95 

1.70 2.44 

5t61 


3v rr- 


“Building completed approximately 34 weeks before first monitoring trip, 
building completed approxiamtely 1 week before first monitoring trip. 
c 8ui(ding completed approximately 4 weeks before first monitoring trip. 


Sheldon, et al. USA 
(1984a) 


Office 

Not Given Not Given Punp w/Tenax 


EgKgttrUlgi Lea/w 3 ) 

Buitding (1) 

12 hr tanpla 

Indoors* 


Outdoor 


GC/MS 

July 

Sept. Dec. 

all tripe 


Benzene 

5 

7 7 

3 


(“Mean of six 12-hr avgs. at 5 indoor locations. 

^•an of 

18 12-hr avgs. at 

on# outdoor li 


Sheldon, et at. USA 
(1990) 


Homes (12) 16 indiyickjals Not Given 24 Hour Samples 

w/Tenax, GC/MS 


Benzene 


ftUQ Egnccttritlvn tna/n ♦ s-fi, 


Outdoor 

fn»4) 

12**.8 


Personal 

(n»8) 

11*4.0 


Sterl ir>g, et al. USA l 
(19M) Canada 


Offices Not Given 

(see table for 
nunbers) 


Not Given 


Not Given 


CyF9V"<*_M_EifSl....^LSO. 

Benzene 27 NO-1.4 mg/m 3 trace 


9i2fc229202 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Tabic 6. Continued. 


Watlace, 
(1986) 


Various 
(IEAM study) 


Not Given 


Not Given 


Personal and 
Outdoor samples 


Population-Ueighted Arithmetic Mean Exposures (24 Hour S^nyles) ug/m* 


Sites 


Benzene 


New Jersey 
fall 1981 


9 

Sumer 1982 

NC b 

NC 

Winter 1983 

NC 

NC 

N. Carolina 

9 

12 

N. Dakota 

NC 

NC 

California 

LA:Uintet84 

18 

16 

LA:Spring84 

9 

4 

CC:Sprino54 

_2_ 

_ 


‘Personal Exposure 

^ot Calculated-’did not Mat quality control criteria. 

Personal Air Exposures-Unweighted Geometric Mean 


Wallace, et al. USA 

Hornet 

Not Given Not Given 

Personal Ptntps w/ 


n 

ISHSSI 

(1987) 



Tenax sorbent, 


S NS 

S 

NS 




12 hr staples 

NJ(F) 

153 188 

16 

11 




GC/MS 

NJ(S) 

69 75 

NR 

NR 





NJ<W> 

24 22 

NR 

NR 





LA(W) 

29 85 

18 

14 





LA(SP) 

11 40 

8 

7 





AP(SP) 

19 49 

8 

7 





Overnight Indoor Cone.-Weighted Geometric Mean < 





NJ(f) 

252 94 

16 

8.4 





NJ(S) 

111 44 

NR 

NR 





NJ(W) 

37 12 

NR 

NR 





LA(W) 

56 58 

17 

11 





LA(SP) 

23 28 

4.6 4.5 





AP(SP) 

35 33 

4.9 4.4 





E-Fall 

S-Sumaer 

W-Wlnter 

SP«Sprir>g 

Weschler, ct al. USA 

Office 

Not Given Not Given 

Passive Staplers 

VOC <wq/a 3 ) Building 2 on 4th Floor During Four 

0990) 

BuiIding 


4 Periods During 


6/25/82- 

9/9/87- 11/6/87’ 




1 Tear 


7/16/67 

10/1/87 12/4/87 





Benzene 


NO 

NO 1.3 


3/15/68 


nD 


4.l'2fr229202 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Table 7. Niirosaminei measured under realistic conditions. 


Author t Pate Country Building Type Occupancy Ventilation Sampling _ Concent rat Ions/ gogBSCU 


Hoffman, et al. USA & Various 
(1987) Austria 


Hot Given Mot Given 

Punp w/liquid 


H0HA 

MOEA 

NO 


traps, CC/TEA, 

Train-Bar 

0.11-0.13 


1-4 hr continuous 

Bar 

0.24 

NO 


samples 

Sports Hall 

0.09 

NO 



Betting Parlor 

0.0$ 

NO 



Residence, NS 

<.003 

NO 



Office 

0.03 

0.03 



Conference Room 0.02-.033 

0- .02 



Work Room 

0.023 

0 



Restaurant 

0-0.05 

0 



Dance Hall 

0.07 

0.2 


Stehlik, et al. 

Austria Offices 

see chart 

Not Given 

Pimp w/liquid traps. 

Room 

Room Type 

# of 

Tobacco Consulted MDMA 

N0EA 

(1982) 

Restaurants 



GC/IEA, 1-4 hr 

site 


_Peoole 

(nq/U 

(ng/U 

Bara 



continuous samples 

207m 3 



—.. 






Working Room 

7 

Continuous (2hr) 0.024 

BO 






301 

Conference Room 

15 

26 cfg., 1 pipe 0.031 

6 cigarillos <2hr) 

BO 






70 

Office 

6 

27 clg. (2hr) 0.03 

0.03 






50 

$m. Conf. Boom 

12 

37 ctgs., 4 pipes 0.02 

3 cigars <2hr) 

0.02 






120 

suburban Rest. 

20 

20-30 cigs, 2 pipes BO 
<2hr) 

BO 






160 

Vienne Rest. 

23 

20 clgs., <1 hr) 0.01 

BO 






160 

Vienna Rest. 2 

25 

25-30 cigs., (1hr)0.04 

BO 






160 

Vienne Rest. 3 

23 

15-20 cigs., (1hr)0.05 

BO 






320 

Dancing Bar 

30-70 

Not Detena.(4hr) 0.07 

0.2 



Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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Tabic 8. PHA measured under realistic conditions. 


Author i Date 


Vent 1 1 at ion 


Concentrat ions/Conments 


U.S. EPA 
(1988) 


Not Given Not Given 


Puip w/KA 0*4 
Sorbent, GC/HS 
8 hr Samples 


(Selected PAH m 
Compound IMS 
Naphthalene 800 
Acenaphthylene 18 
Phenanthrene 71 
fluoranthene 7.6 
Pyrene A .6 
Benzo(e)pyrene 0.74 
Benzo(a)pyrene 0.28 
Quinoline 9. A 
Isoquinoline 2 1 


HOME (ng/aT) 

easured in living rooms) 

?S 3S AS SS 6S 7NS 

1100 1100 1100 2200 A200 1800 

37 17 A8 120 59 10 


87 80 200 210 110 

8.6 6.5 19 23 6.A 

5.2 A.O 11 17 9.5 

3.2 1.3 3.7 10 6.5 

1.2 0.3A 1 A 3.3 1.4 

240 76 480 1100 

140 34 300 620 


110 110 59 86 

23 6.4 7.2 12 

17 9.5 5.6 7.4 

10 6.5 0.68 1.4 

.3 1.A 0.31 0.03 

00 300 23 9.1 

20 170 35 16 


Daiaey, et al. 
{1989) 


0.13:0.89 AGH Pump w/Teflon 


House Wood 


(FlU-fluoranthene, 

cd)pyrene) 


coated fiberg 1 ass 


burning 

FLU 

PTR 

BEP 

BBF 

BKF 

G A!' 

iii.it 11- 


! 11 At 

f l l ter, 48 hr 

102 

♦ 

0.72 

0.47 

0.48 

0.52 

0.24 

0 . «, 

1.21 

, 

6.1 

sample& 



1.18 

0.98 

0.41 

0.24 

0.10 

0.17 

u 15 

u ; 

3.4 


106 

♦ 

0.32 

0.62 

0.65 

0.68 

0.29 

1.24 

6.20 

3 5 

13.5 



* 

0.58 

0.70 

0.42 

0.11 

0.04 

0. 11 

0.33 

0 . i 

2.4 


108 

t 

0.96 

0.50 

0.38 

0.40 

0.19 

0.43 

0.55 

; , 

4.5 



• 

0.11 

0.03 

<0.06 

0.04 

0.02 

0.03 

0.08 

0 .. 

0.4 


203 

♦ 

0.81 

0.58 

0.95 

0.51 

0.21 

0.40 

0.75 

(i. v. 

5.2 



• 

0.07 

0.14 

<0.06 

<0.007 

0.007 

<0.009 

<0.01 

<0 '■ 

0.3 


204 

♦ 

0.16 

0.02 

0.14 

0.10 

0.03 

0.07 

0.12 

0 . 

0.6 




0.09 

0.22 

0.07 

0.02 

0.01 

<0.009 

0.02 

Oil 

0.5 


208 

♦ 

0.65 

0.65 

1.36 

1.22 

0.46 

1.34 

0 ! 87 

2 ; 

8.8 



- 

0.07 

0.05 

<0.06 

0.009 

0.005 

<0,009 

<0.01 

<G. j. 

0.2 


300 

♦ 

0.18 

1.53 

0.31 

0.27 

0.09 

0.33 

0.25 

(J. V. 

3.4 



* 

0.50 

0.31 

0.43 

0.04 

0.02 

0.02 

0.10 

or 

1 .6 


PtR»Pyrene, BEP«8enzo(e)pyrene, BBf *Bemo(b)f luoranthena, BKF»Benzo(k)f luoranthene, BAP*fienzo(a)pyrcne, BGHlP*8enxo(ghI )perylcne, Hi 


Grinsrud, et al. USA 
(1990) 


Office Not Given Not Given Gravimetric PH3.0 Mean Coocentratio 

Buildings (40) 126 RSP samples Non smoking Areas 0.4 

analysed for 8(a)P Smoking Areas 1.1 


i£): il r J '. ir Li 


Hoy, et a I . USA 

(1987) 


Not Given Not Given PM1Q extraction Home N B(a)P G. Mean Maximum 

1 14 0.5 4.8 

2 13 1.1 4.4 

3 14 0.8 2.3 

6 13 0.3 1.4 


UalOman, et al. USA 
(1989) 


Not Given PMlO exit act ion BaP Range nd - 8.6 nq/mr 


SVZVZZ9Z0Z 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 
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receive would pnovidfe an independent assessment as 
to whether these healith claims are reailistic. 

r-. 3'C'S- ’• i^: r ined ai- 3 nr- •; ,* 1 • ■ 

u.w uuic ii a function of the concentratin' vf " 
sub.viin :/v* duration of are, the r: 1 *:. .. 

ru::o::.. a.id the percentage o:f maitenai poie./.::aa- 
I ntamed,by. the iungs. 

Csnce/umifl/i: Concentrations of RSPs were deter¬ 
mined 1 as the mean difference between nonsmoking 
and smoking conditions as shown in Tablfe 9. 

D uration of exposure: In ordtr to determine the dura¬ 
tion of exposure in each of the five categories, data 
on time activity patterns were needed! Though there 
were several references available describing studies 
which performed time/activity surveys of one type or 
another, there were few that were adequate. The re¬ 
quirements that needed to be met included: 

1. Data needed to be American or Canadian 

2. Study needed to be of adults 

3. Study could not be of select subpopulations 

4. Study needed toinclude most of the entire day. 

Five pubiiications met the four chosen criteria 
(Jenkins et al. 1990; Juster and Stafford 1990; Shaw 
1983; Spengler et al. 1985; Szalai et al. 1972): Each 
author’s activity categories were allocated to one of 
the following locations that were chosen to match 
exposure categories used 1 for the literature review. 


-^ - ----OEK 


-Restaurant 

6. Bar —--—---— B*r/Tav«rns 

Othsr, public-—— Offlcm, workplaces 

(similar to office enviroruaent) 
8. Outdoor--— None 


Time allocations for each category were then 
averaged to produce an average day based on the five 
studies reviewed. Time spent in each category is 
expressed separately for males, females, employed, 
and unemployed persons. Time spent in each activity 
category is expressed in minutes per day and hours 
per day averaged over seven days per week. If the 
average day did not add up to 1440 min (24 h), each 
category was adjusted by the percentage of the error 
to produce a 24-h day. 

There were fewer data available regarding em¬ 
ployed/unemployed time activity patterns than for 
male/female time activity patterns. Because of 
this, it was necessary to subdivide some authors* 
categories into more than one of the five chosen for 


Table 9:,Mean respirable panicles tn smoking and nonsmoking areas in real-life situations. 

01 ff.in 


CateoDnv, t of Studies 

N 

Sacking 

Mean Rinoe 

Honsocklng 

... 1 _P.lnot-_ 

Means; 

■i-ji 

Homes 

14 

951 

49.5' 

17-212 

905: 

22.3! 

7 - 77 .:. 

27 : . 2; 

Offices and 

Publ 1c PI aces 

24 

805 

67.7 

12-2700 

540 

45.9: 

nd-2*0: 

2:1.8 

Restaurants 

11 

257 

131.5 

nd-685 

335* 

89. 7 

c. 

41.8 

Birs/Taverns 

4 

9 

103.7 

c 

c: 

c 

c 

103.7* 

Trains 

1 

20 

216 

70.8-325 

20 

185 

63!. 3-4 50 

30 


a - Themean Is calculated by weighting the mean values imeach study based on 
sample size and the calculating an overall arl thoetic mean. If actual values for, 
nonsmoking! or smoking areas were not given, but UVPH values were available, the 
UVPH values were utilized in obtainingi the weighted means. For examplfe, iif a 
total RSP mean value and UVPH mean value were available for a smoking area but 
not for a nonsmoking art*, j nonsmoking area value was obtained by subtracting 
the UVPH value from the total RSP value. 

b - Derived from total RSP-UVPH. 

c - No ranges available; no data available. 

d - Some of this RSP would be due to sources other than tobacco smoke. If 
properties are si ml 'liar to restaurants, this mean would be approximately 48.3. 


Source: https://www.industrydocuments.ucsf.edu/d ocs/kq nmOOOO 
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Table 10. Carbon monoxide concentration* (ppm)in smoking and nonsmoking areas in realHife situations. Conversion factor: lppm = 

ll.l!5 mg/rn*’ 


No,, of St.cc:*. g Nonsmolding - ea.'.s; 


Category 

Studies 

_ N Mean 

3 anqe 

N 

Mean Ranqe 

S - NS 

Offices and 
Rubl ic: 3 legs 

13 

:S7 2,35 

3.1-3.7 

275 

2.99 0.7-4.0 

: 4 

Restaurants 

5 

::7 3.5 

3.4-9 0 

... 


.... 

T,ayerns/8ars 

2 

5 6 . 4 


— 


... 

Trains; 

2 

13 2.2 

1L0-512 

10 

li. 30 0.5-2,9 

0.90 

Buses 

1 

35 6.0 

3.7-10.2 

... 

. 

... 

Autos li 

Hones - Very little 

Information on homes 

213 

11.6 8.8-22,3 

... 


Yul 11 ti il. (1989); 76 hows, 0.7 Man, rang* 0-410 
No data on smoking or nonsmoking. 


Table 11. Nicotine concentrations (lag/ra 1 ) in smoking and nonsmoking areas in real-life situations. 

$ fnoking _ _ NgnsmgMng_ 

NO. SaapU: No. Sample 

Category Studies Sites Mean Range Studies Sites Mean Range 


Offices and 
Public,Bldgs. 

14 

67.3 

6.2 

NO-69.7 

Si 

270 

0.3 0,1 

1 -2,1 

Restaurants 

10 

390 

51.7 

0-37.2 





Taverns/8ars 
Betting Shops 

4 

17 

19.1 

3-65.5 

1 

2 

1.2 0 

.4-2.0 

Homes 

11 

98 

3J 

0 .1-12,0: 

3 

28 

0.29 

0 -1.0 

Trains 

1 

20 

15.3 

0.6-49.3; 

1 

20 

4.5 0-! 

5-21.2 


this review. To dto this, the proportion determined 
from the male/female time activity pattern was used 
to divide that author’s category. For example, time at 
home for employed and unemployed persons was 
determined by Spengler oral. (1985) but not divided 
into waking and sleeping time. The amount of time 
determined to be spent siteping in the male/female 
time allocation wasisubtracted from Spengler's home 
time to produce home-awake and home-aslfeep values 
for employed/unemployed persons. The time activity 
patterns calculated from the literature are listed in 
Tables V2 and 13. 

Respiration rates: Respiration rates were taken from 
Rosenblatt et al. (1982): 

1) Adult male, light work—28.6 L/min (1.7 m 3 /h) 

2) Adult male, resting—7.43.L/min (0.4 m 3 /h) 

3) Adult female, light work—16.3 L/miin'(1.0 
m 3 /h) 

4) Adult female, resting—4.5 L/min (0.3 m 3 /h). 


These figures assume 16 h of rest and 8 h of light 
work per. day, and are in agreement with those from 
other sources (USEPA 1989). 

An average of approximately eight hours per day 
is spent sleeping. This leaves eight waking hours per 
day spent at 'Tight work" and eight hours spent "rest¬ 
ing". Since no single activity period is likely to be 
all "light work" or all 1 'Testing", the two values were 
averaged to produce a respiration rate for "awake". 
These values are as follows: 

Male, awake—1.05 m 3 /h 
Male, asleep—0,4 m 3 /h 
Female, awake—0.65 m 3 /h 
Female, aslfeep—03 m 3 /h. 

Retention efficiency: Retention efficiency for side- 
stream smoke particlfes has been reported by Hiller 
et all (1982, 1987) to be 11%. 

Results of dosimetric calculations 

In any exposure situation^ the retained dose may 
be calculated by the following equation: 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 
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Dose = Concentration x; duration x respiration rate 

x % retention. 

^ ; •. •: . ; s : ; e ■; from * the 11 m e/ ?.c - 

Resoirraiim .vv /CiCijiatcd r ^nrn R-ose.noVpir. 
The. aSicc.p" category- is given the resting 

respiration rate. All other categories are assigned the 
"awake" respiration rate. 

Percent retention is 11% as calculated by Hiller. 

Exposure to ETS can come in any number or com¬ 
bination of situations. To estimate the breadth of 
possible ETS exposures, doses of ETS have been 
calculated for four different scenarios: 

1) Male and female-exposed at home, in res¬ 
taurants, bars and other public places, but not at work 
or while traveling. This essentially calculates the 
ETS exposure one may expect during nonworking 
hours. 

2) Male and female—exposed only at work and> 
while traveling (assume all transportation by train)., 
This will'produce a conservative estimate of occupa¬ 
tional exposures. 

3) Worst case exposure, male and female—exposed 
at home and whilb traveling, works in a bar and is 
also exposed in other public places (assumes use of 
the average exposure valdes). 

4) Employed vs. unemployed males—exposed in 
all facets of life, employed person works in office 
en vironment. Employed and unemployed females would 
be essentially the same: but' with different respiration 
rates. 


The calculations for each are as;follows: 


ranis.,. a..- ^Lirar yuuuc: places, out not «i 
w.crk.or whilie traveling;. Dose = (concentration-: 
r.ome;x dura.aw.aikc respiration rate;.awake 
x retention;'-r: (concentration: home x duration; 

aslbep x respiration, rate; asleep x retention): + 
(concentration; restaurant x duration x respiration 
rate x retention) + (concentration; bar x duration x 
respiration rate x retention) + (concentration; of¬ 
fices, x duration; other, public x respiration rate x 
retention); 

Male Dose - (27.2 x 6.4 x 1.05 x 0.11) + (27.2 x 7 .5 
x 0.4 x 0.11) + (41.8x 0.5 x 1.05 x 0.11) + (103.7 x 
0.8 x 1.05 x 0.11) + (21.8 x 1,6 x 1.05x 0.11) 

Male Dose = 45.11 pg/day, 16.46 mg/y 
Femalb dose = (27.2 x 8.7 x 0.65 x 0.11) + (27.2 x 
7.8 x 0.3 x 0.11)'+ (41.8 x 0i4 x 0.65 x 0.11) + (103.7 
x 0.9 x 0.65 x 0.11) + (21.8 x 1.6 x 0.65 x 0.11) 
Female Dose = 34.28 pg/day, 12.51 mg/y 

2) Male and' female—exposed only at work and 
whilb traveling. 

Male Dose = 17.19 pg/d, 6.27 mg/y 
Female dose = 6.94 jig/d, 2.53 mg/y 

3) Maximum exposure, male and female—exposed 
at home and'while traveling, works in a bar and is 
also exposed in other public places. 

Male Dose = 108.65 |tg/d, 39.66 mg/y 
Female Dose = 57.62 pg/d, 21.03 mg/y 


Tabic 12. TotaHumeaUocaiioni for raalfe/femalc. 


LstaUon 

Hales 

Mth/.div 

Hr/div 

females 

Hifi/day_HMLt 

1. Home, awake 

386 

6.4 

52,1 

8,7 

2. Home, As]eep 

452 

7.5 

4 70 

7.8 

3. W6rk 

296 

4 .9 

167 

29 

4. Travel 

81 

1.4. 

67 

1.2 

S. Restaurant 

31 

0.5 

26 

0.4! 

6. Bar 

40 

0..8 

54 

0.9 

7 . Other, pub H f ic 

94 

1.6 

95 

16 

8. Outdoor 

S2 

0.9 

*0 

0.7 

TOTAL 

1.440' 

24.0 

1.440 

24.1* 

*' Total s do not add 

up : to; 24: hours due to 

rounding. 



Tabic 13. Toial ume aLlbciuona. employed, and unemplbyed per¬ 
iod. 

Employed Unemployed 


Location 

Hth/dav 

Hr /d aw 

Mtn/dav _ 

Hr/diy 

1 .. Home, Awake 

427 

7.1 

733 

112:. 2 

2. Home, Asleep 

511 

8.5 

499 

81.3 

3, Work 

27,6 

4.6 

5 

0!. 11 

4 . Travel, Pub!1c 

81 

1.4 

37, 

317' 

5. Restaurant 

17 

0.3 

20 

0 L 3 

6. Bar 

33 

0.6 

36 

0:6 

7. Other, Public 

5:1 

1.0 

68 

1.1, 

81 Outdoor 

34 

0.6 

42 

0.7' 

TOTAL 

1.440 

24, r 

1,440 

24 .0 

* Totalis do not 

add!up to 

24 hours due 

to rounding. 



Source: https://www.industrydocuments.ucsf.edu/docs/kgnmOOOO 
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4) Employed vs. unemployed males—exposed in 
all facets of lifestyle, employed person works in 
office environment. 

Employed Male Dose = 60.06 jig/d, 21.92 mg/y 
Unemployed Male Dose = 62.34 jxg/d. 22.76 mg/y. 

There are several c hemic all and exposure pat- 
tern differences between direct smoking and ETS! 
exposure. However, expressing ETS exposure in 
cigarette equivalents is one way to develop a sense 
of the magnitude of exposure. 

Arundel et al. (1988) has calculated a retained 
dbse of particles of 10.56 mg/cigarette and 8.48/mg 
cigarette for male and female direct smokers, 
respectively. Using these figures, the dose in cigarette 
equivalents of particles for each of the four exposure 
scenarios becomes: 

1) Exposed at home, in restaurants and in bars:; 
Male—1.56 cigarette equivalents per year 
Female—1.418: cigarette equivalents per year. 

2) Exposed at work and travel only: 

Male—0.59 cigarette equivalents per year 
Female — 0.30 cigarette equivalents per year. 

3) Maximum, works in a bar, exposed in all facets 
of life: 

Male^3.76 cigarette equivalents per year 
Female—2.418! cigarette equivalents per year. 

4) Employed vs. unemployed males: 

Employed—2.08 ! cigarette equivalents per year 
Unemployed—2.15 cigarette equivalents per year. 

Clearly, such calculations of cigarette equivalents 
have little or no relevance to any assessment of the 
potential risk from exposure to ETS. The mainstream 
smoke particles inhaled during the act of puffing on 
a cigarette will be quite different from ETS particles 
in terms of their precise chemical composition, their 
size distribution and the route in which they are taken 
into the body. However, the calculation of cigarette 
equivalents does at least allow a subjective impres¬ 
sion of the relative doses involved in active smoking 
compared to everyday exposure to ETS. 

DISCUSSION! 

Indoor air and ETS review 

Respirable particulate matter: Table 9 shows the 
mean RSPs in smoking and nonsmoking areas in 
real life conditions. The mean differences between 


nonsmoking and smoking conditions are 27.2 pg/m 3 
for homes, 21.8 for offices and public facilities, 41.8 
for restaurants, in excess of 481.3: for bars and taverns, 
and 30 for trains. 

Carbon monoxide: Table 10 shows carbon monoxide 
concentrations (ppm) in smoking and nonsmoking 
areas in real life conditions. In offices, where the 
data allowed for a smoking/nonsmoking comparison, 
the mean difference was 0.28 \iLfL (0.32 mg/m 3 )i 
Because of the magnitude of this difference com¬ 
pared to the mean levels measured and 1 ranges 
reported, the significance of this difference must be 
questioned. There are essentially no data since 1982 
on nonsmoking conditions in restaurants or bars* The 
slightly higher levels in these areas indicate that 
smoking may account for at lteast part of the CO. 

There is little information on CO in homes. Yuill 
andComeau (1989) report on home CO, but they do 
not indicate whether smoking was present. 

The information on CO levels in transportation 
vehicles indicates little difference between smoking 
and nonsmoking areas on trains. Buses have higher 
levels (6.0 ^iL/L; 6.9 mg/m 3 ) of CO; but from the 
information presented! it is impossible to determine 
if the concentration is affected by tobacco smoke 
or by vehicle exhausts. The higher level of CO 
(11,6 jxL/L; 13.3 mg/m 3 ) in autos where no smoking 
took place indicates that the impact is from vehicle 
exhausts (Flachsbart et ah 1987);. 

Nicotine: Table II shows nicotine concentrations 
in smoking and nonsmoking areas. Nicotine* as ex¬ 
pected, is considerably lower in concentration! in 
nonsmoking compared to smoking areas. The means 
of 6.2, 5.7 and 3.7 4 g/m 3 for offices and public build¬ 
ings, restaurants and homes, respectively, where 
smoking occurred, are extremely low exposures com¬ 
pared to the levels of many other volatile and semi¬ 
volatile substances found in indoor air. Smoking 
sections of trains are slightly higher and, as ex¬ 
pected, bars and taverns exhibited the highest 
mean levels (19.1 |ig/m 3 ). 

Nitrogen dioxide: Most studies which measure 
nitrogen dioxide (NOi) in the indoor environment 
evaluate the effect various appliances, such as gas 
stoves or kerosene heaters, have on NOi concentra¬ 
tions. Only three studies attempted to evaluate the 
impact of ETS on NO 2 levels in homes (Dumont 
1986; Good et all 1982; Hosein et all 1985). Houses 
where smoking occurred had approximately 3.0 
jig/m 3 higher nitrogen dioxide levels than houses 
with no smoking. There are no studies which 
evaluate the effect of ETS on NO 2 levels in offices, 
restaurants, bars, or transport vehicles. 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 
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Formaldehyde: There is a substantial amount of 
information regarding formaldehyde levels indoors. 

However:, little of it evaluates the potential effect of 

eis. if. *> :u re v e" 

u; - i iiOUics (mock 1987) and one study of 
two office b:ui.idin g'S f Hedge et al. 1990) compared 
formaldehyde levels to smoking status.. The residbn* 
::::i study found; uc- increase in formaldehyde levels 
with increased levels of smoking. The office study 
found approximately a 10 nL/L (12.3Tig/m 3 ) increase 
in formaldehyde levels in a designated smoking 
area over a nonsmoking area of one building. How¬ 
ever, there was no difference between the designated 
smoking area in one building and another non¬ 
smoking building. Because of the limited number of 
samples and the number of confounding sources for 
formaldehyde these results must be interpreted with 
caution i 

Benzene: Five studies contained benzene data in 
smoking and nonsmoking areas (see Table 6). In two 
of these studies, nonsmoking areas reportedly 
had higher concentrations of benzene. In three 
studies, nonsmoking areas had lower concentrations 
than smoking areas. The differences are minimal, 
especially whemoutdoor concentrations also are con¬ 
sidered. 

The assumption was made that in studies where 
smoking/nonsmoking was not reported by the author, 
that there was some smoking occurring. Where smok¬ 
ing is assumed to take place, the highest mean level 
recorded was 15.7 pg/m 3 ' However, in nonsmoking 
areas the highest mean was 60.7. In summary, there 
are few data to support a conclusion that smoking has 
a significant impact on benzene concentration in of¬ 
fices. 

The data on benzene in homes suggest that smok¬ 
ing homes have a higher concentration than non¬ 
smoking homes by approximately 3.5 pg/m 3 . lit is 
difficult to separate home-only data from personal 
exposure monitor data except for two studies where 
indoor air benzene ranges from 4.8-14.8 pg/m 3 . The 
one overnight study in homes by Wallace et al. (1987) 
shows an increase of approximately 3.1 pg/m 3 in 
smoking homes vs. nonsmoking homes. 

There are few data on benzene on public transpor- 
tationi A paper by Proctor (1989) on 20 trains shows 
a slightly higher mean concentration of benzene in 
smoking versus nonsmoking areas. The mean dif¬ 
ferences are small. 

Polyaromatic hydrocarbons (PAH's) and nitrosamines: 
PAH’s are commonly found in indoor air. Except for 
naphthalene, quinoline, and isoquinoline, the levels 
measured are in the low ng/m 3 range (Table 8). Few 


studies have compared PAH levels in smoking and 
nonsmoking environments The : 

revie'w v -hirh h. , „ . 

..Jut: 0V?. >0 r/n aim or [jn*. C'0 T V 

cemtration of various PAH s; may come ' v ^m ; o■ ■-■ - 
smoke. Because of the paucity of dav ; i:;u v.. cc 
interpreted with caution. The presence, of the.se. sub¬ 
stances has also been documented in wood, smoke, 
automotive exhaust, foods, alcoholic beverages,, and 
cosmetics (NTP 1989). 

Two studies have reported the presence of N- 
nitrosodiethylamine (NDEA) and Ni-nitrosodimethyl- 
amine (NDMA) in smoke-filled rooms (Table 7). These 
are not tobacco-specific nitrosamines. The lack of 
reported background levels and'the unusually high 
level of smoking prevents the evaluation of ETS 
contribution to these substances, Other nitrosamines 
reported to be found in tobacco smoke have either 
not been monitored or not been reported in ambient 
air where ETS is present. 

The U.S. Surgeon General (1986) and NRC (1986) 
reports include summary tables of known or suspect 
human carcinogens present in concentrated side- 
stream and mainstream tobacco smoke. Concentrated 
sidestream and mainstream tobacco smoke are not 
representative of ambient air ETS because the con¬ 
centrated smoke is subject to dilution in ambient air, 
removal by sinks or filtration, and possible transfor¬ 
mation (Reason 11987), 

Based on current literature, it appears that ETS has 
an effect on the levels of nicotine and respirable 
particles in an indoor environment. There also is a 
slight increase in NOx levels in the presence of ETS. 
ETS appears to have less effect on the levels of 
carbon monoxide, formaldehyde, or benzene. 

Odor and irritation: Studies; by Cain et all (1987). 
Weber (1984), and Weber and Grandjean (11987) 
indicate that levels of ETS which'produce carbon 
monoxide concentrations below 1.5-2 0 pL/L, 
(1.7-2.3 mg/m 3 ) also will be acceptable to 80% or 
more of the occupants in terms of irritation, odor, and 
overall quality. Where a moderate amount of smok¬ 
ing occurs, this level is unlikely to be approached. 
This conclusion'is reflected in ASHRAE Standard 
62-1989 (ASHRAE 1989), which does not separate 
smoking and!no-smoking areas in terms of recom¬ 
mended ventilation rates. 

It is possible that the 1.5-2.0 pL/L (1.7-2.3 mig/m 3 ) 
level of carbon monoxide may be exceeded! in some 
cases. This would occur either in heavy smoking 
situations, such as those found in bars or smoking 
lounges, or where inadequate ventilation occurs. 


Source: https://www.industrydocuments.ucsf.edu/docs/kgnm0000 


2026224254 




Indoor *ir quality And tobacco smoke: a review 


37 


Dosimetric calculations 

°" v .??n' th?: cf R'SiP : retained **?.— 


- JApOS^u 1 yiii:y diL vVOf.C l Ll 3 ppIOXI Ilia.Lc . ■ 

~'j inti-., for a mate exposed m.ail facets of his i:r- 
Ow. .. r -a:ii.onai exposure: is on.iy a: minor poriiier. 
;uia:i exposure in mosi eases; Exposures i;n, one:' ;■ 

private life may produce the largest retained db.se;of 
ETS particulates. 

For exposures received while in transit^ it was 
assumed that all transit time was spent in the smoking 
section of trains. Actual time allocation data (Jenkins 
et ai. 1990) indicate that only 5% of travel time is 
spent on public transport. It is believed that when 
traveling by auto, nonsmokers will generally choose 
to travel with other nonsmokers. There are no data 
comparing paniculate levels in autos where smoking 
occurs to levels were there is no smoking. However, 
carbon monoxide levels of 8.8-22.3 jiL/L (10.1- 
25.6 mg/m 3 ) found by Flachsbart et al. (1987) sug¬ 
gest that exposures in automobilfes come primarily 
from vehicle exhaust and not ETS. Thus, the choice 
of trains as a surrogate for ETS exposure while iin; 
transit is conservative. 

The estimated: mean RSP dose of exposure to the 
population of nonsmoking adults is based o:m the 
difference between smoking and nonsmoking en¬ 
vironments. There is a possibility that a person could 
be exposed! tO'the high end of the range of RSPs as 
reported in the literature. The likelihood is that the 
bulk of the RSPs in those situations would be from 
sources other than,tobacco smoke. 

Persons also may be exposed to the upper limits;of 
ETS—derived RSP ranges. Generally, these are for 
short time intervals. The mean difference values for 
the: various categories of exposure should reflect the 
overall minimum and maximum exposure such 
that the total dose for the year would be included. 

Attempts to calculate increased risk or excess mor¬ 
tality from lung cancer (Repace 1985; MRC 1986) 
and heart disease (Weils 1988; Glantz and Parmley 
1991) reportedly resulting from ETS exposure are 
not uncommon. These calculations, however, rely 
almost exclusively on epidemiolbgtc studies that have 
no adequate measure of exposure or dose. Such studies 
are known to be subject to problems of bias (Lee 
1987)' and confounding factors (Koo et al. 1988) 
which have not been taken adequately into account 

One of the paradigms of toxicology is that the 
magnitude of the dose determines the response. Com¬ 
paring the dose one may receive from ETS to the 
magnitude of claimed health effects provides one 
measure of the accuracy of those claims. 


Other studies that have calculated! ETS dosage 

discrepancies oetween me:iexei *•, ;i.'K.' a;;-: : 
tile epukrmolbgy suid:ie$ : anu 1 : ; '■ ■ :; ■ . ■--t 

ported by dosimetric, caic.ulan^na.. Wclte • 

Repuce a no i c > . .... n av e c.-ju. . ..i _ 

to address this discrepancy. Wells argues that the 
majority of the "tar" fraction of ETS may be m the 
vapor phase. He claims that this vapor phase would 
be retained 100%, producing the majority of the dose 
one would receive. Thus, he suggests that' particles 
are not an accurate measure of ETS dose. However, 
the compounds he lists as candidates for vapor phase 
tar components are not convincing in terms of their 
potential human health effects. They also are sub¬ 
stances that have only been measured in con¬ 
centrated sidestream and mainstream' smoke, not 
ambient ETS. Until levels of these compounds are 
actually shown to increase in the presence of ETS, 
his argument must be considered speculative. 

Repace and! Lowrey (1991) calculate a daily in¬ 
haled dose of ETS particles between 1.4 and 14 mg/d. 
Calculations based on literature values of ETS con¬ 
centrations from this paper indicate an inhaled dose 
of between 0,1! and 0,06 mg/d. When one considers 
that' only 11% of these particulates are retained,, the 
actual dose becomes 0.01 to 0,006 mg/d or 11/140 to 
1/233 of the dbse claimed by Repace and Lowrey, 

Until the problems of confounding and bias in the 
epidemiology studies are resolved, dosimetric con¬ 
siderations can be the only independent confirmation 
of the accuracy of their claims. At this point,, it can 
only be concluded that the estimated dose of ETS one 
can be expected to receive does not support the health 
risk claims being made by USEPA (1990) and others. 
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